INTRODUCTION
Increase of respiratory disorders among inhabitants and employees in industrial areas, such as chronic bronchitis, emphysema or asthma may be interpreted as manifestation of the combined actions of air pollutants. The constitutional nature of each subject, however, seem to associate closely with the individual susceptibility to the causes of such diseases, which may be provided in some cases by the interactions of pollutants, affecting previously, simultaneously, or subsequently.
These may play important roles in some conditions to establishment of defence capacity of the respiratory organs of the subjects or, in contrast, as the causation of respiratory disorders.
Potential threat of air pollutants to health may be expected not as much from any single pollutant as from pollutants, combined either with others or with air borne infectious microorganisms1)-4).
Considering the role of microorganisms in this site of air pollution problems, new approaches to research are needed and the gnotobiotic techniques seem to be adaptable. Therefore, the studies were carried out with germfree animals to clarify the basic concepts of natural defence mechaisms of respiratory organs and interactions of bacteria and irritant gas interfering with animal health. Further, new techniques were developed in our laboratory for administering gases, dust or bacteria to animals reared in a germfree atmosphere.
METHOD
Guinea pigs in germfree, bacteria mono-associated, or conventional conditions were used in parallel as experimental animals throughout the studies. Bacteria administered to the animals was Staphylococcus aureus 209p (St. a. 209). Experimental air pollutants were sulfur dioxide gas (SO2 gas) and silica particles. Sizes of the latter were distributed from 
1) Invasion Phenomenon of Silica
Particles in the Trachea: The particular phenomenon observed silica particles, was the invasion of these subepithelial layers (See Fig. 3 ). Further, these particles were found in the paratracheal lymphnodes 30 minutes after inhalation (See Fig. 4 ). The existance of silica particles was ascertained not only by light and phase contrast microscopy but also in the epithelial cells by electron microscopy (See Fig. 5 and 6 ). Table 1 METHOD 3), which may suggest that invasion of particles into the tracheal epithelia did not occur in the conventionalized animals with the exception of the ones within 24 hours of delivery.
2) Invasion Phenomenon of Silica Particles in the Lung: Invasion of silica particles into the alveolar septa7),8) of the lung was observed in both germfree and conventional animals, but the obvious difference was revealed in the number of the particles in the longitudinal sections of these lungs. Quantitative observation on the particles in the alveolar septa under the phase contrast microscopy, magnified at 1,000 times, showed a less number in the conventional animals than in the germfree ones, and this may suggest that there is a more rapid exclusion of the particles from the alveolar septa in the former than in the latter.
In the lungs of germfree guinea pigs after inhalation of SO2 gas in concentration of 40ppm for three days, the number of silica particles which had intruded into the alveolar septa were excluded more slowly than those in the lung of germfree animals non-treated with SO2 gas previously.
The number of the particles phase-microscopically observed in the alveolar septa Day after silica inhalation of SO2 gas non-affected animals decreased during the day after the silica particle inhalation, but those in the alveolar septa of SO2 gas affected animals did not reveal a decreasing tendency within the 15 days of the experimental period (See Fig. 7 ).
3) Clearing Capacity of the Lung9),10): When the germfree animals inhaled the contaminated air with St. a. 209, the number of bacteria in the lung was in the range from 104 to 105 per gram of the tissue one hour after inhalation, and decreased almost exponentially with progress of time. For example, bacteria animals at the first day, decreased to below 102 per gram at the third day after inhalation. (See Fig. 8 ). When the germfree animals were treated previously with SO2 gas in concentration of 40ppm for three days, they developed symptoms of bronchopneumonia after inhalation with staphylococci and six out of twelve animals died within two or three days after the bacterial inhalation. Number of bacteria recovered from the lung tissues of the survived animals decreased more slowly than in the animals non-treated with SO2 gas previously. Namely, the period required before reducing the number of the bacteria to below 102 per gram of the lung tissue in the former was eight days after bacterial inhalation (See Fig. 8 ). In contrast, this period was within 24 hours in the conventional animals, and the SO2 gaseous treatment prior to the bacterial inhalation affected this period very little (See Fig. 9 ).
4) Histopathological Changes11):
Interstitial inflammation was the primary stage of histopathological changes in the lung of the germfree guinea pigs after continuous exposure of SO2 gas in concentration of 40ppm5); proliferation of septa cells, hyperplasia and hypertrophy, edema and congestion in the alveolar septa were observed as well as deratation of the capillaries and swelling of endothel, ablation of epithelial layers and edema in subepithelial layers in the bronchioles. When the animals were removed to fresh air after exposure to the gaseous atmosphere for three days, they recovered from the injury due to SO2 gas and the changes in the lung, mentioned above, disappeared during the following four or five days.
When they were exposed continuously to SO2 gas over a four days period, degeneration and metaplasia of septa cells advanced in the alveolar septa and a small number of eosinophilus was observed. Exposure to SO2 gas over a nine days period induced proliferation of fibroblasts, argentaffin fibris around capillaris and bronchioles, and nodular thickening advanced adjacent to them. Some karioclasis were found in nodular areas. When staphylococci were given only once to the germfree animals, interstitial inflammation with a large number of lymphocytes was observed in the lung tissue 24 hours after inhalation (See Fig. 10) , and characteristics of this change were almost similar to those as after SO2 gas inhalation.
Infiltration of lymphocytes, however, appeared to be the particular observation in the bacteria mono-associated animals.
The above-mentioned changes in the lung disappeared more than seven days after the bacterial inhalation but a few fibroblasts and argentaffin fibris remained.
When the germfree animals were treated with SO2 gas in concentration of 40ppm for a successive three days, followed once by staphylococci inhalation, they developed symptoms of bronchopneumonia as mentioned above. The following changes were observed herein; inflammation in and adjacent to the capillaris and bronchioles, emphysema at restricted areas in the septa, hemorrhage and edema in the septa, ablation of alveolar epithelia, proliferation of septa cells, fibroblasts and lymphocytes in the septa and lymphocytes mixed with mucus obliterated in the bronchiolar lumens (See Fig. 11 ).
These results seemed to suggest that bronchopneumonia was established on the basis of acceleration of SO2 gas to staphylococcal infection in the germfree animals, and this establishment was closely related to depreciation of the clearing capacity of the respiratory organs. No obvious difference was observed in the clearance capacity of the respiratory organs among conventional animals in similar experimental conditions and none of them died or revealed typical bronchopneumonia in histopathological observations. Therefore, it may be suggested that conventional animals were more resistive to bacterial infection and/or SO2 gaseous influences than germfree ones, and that the vital resistance found in the respiratory organs of conventional animals was a manifestation of training effects of conventional conditions. 
